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(54) Turbogenerator power control system and method 



(57) The power meter, required in most utility grid 
connectged applications to measure load consumption, 
is utilized to provide a feedback to an associated turbo- 
generator power controller, providing a control system 
for peak shaving, load following, reactive power control, 
reverse flow protection and load analysis for scheduled 
turbogenerator operation. This control system operates 



w'rth simple discrete signals for peak shaving operation, 
to more complex pulse signals for load following, to load 
profile analysis and scheduled operation based on a 
microprocessor based serial input from a digital power 
meter. 
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Description 
TECHNICAL FIR n 

5 [0001] This invention relates to the general field of turbogenerator power control, and more particularly the method 
and control of a system that utilizes a turbogenerator and power controller in combination with a utility power meter, con- 
nected or paralleled to the utility grid to provide load control, peak shaving, load following, and reactive power control. 

BACKGROUND OF THE INVENTION 

10 

[0002] In most utility grid connected applications, a utility power meter that measures the load consumption (or pro- 
duction when a turbogenerator system is installed) in a building or application is required. This power meter provides a 
feedback to the turbogenerator power controller. If a building or application requires power, the power controller 
sequences the turbogenerator to meet the demand. 

75 [0003] Load management in a building can be implemented in varying degrees of complexity. The simplest appli- 
cation or installation is where the total load consumption is measured by a utility meter, and the turbogenerator load is 
switched on (maximum power) and off. Generally, for this application, the meter measures the total load consumption 
in a building. When the load exceeds a predetermined limit, the turbogenerator is switched to maximum power. This 
method of control is commonly referred to as load dispatch control. 

20 [0004] Load transients in the load dispatch control mode have a large impact on the output of the total system. Sud- 
den decreases in load may cause the system to back feed onto the utility grid for a short time until the turbogenerator 
energy can be dissipated. Rapid increases in load require the utility grid to supply power for a short time until the turbo- 
generator power output can be increased. 

[0005] This constant changing in power demand can greatly reduce the operating efficiency of the turbogenerator 
25 system and lead to increased operating costs. 

SUMMARY OF THE INVENTION 

[0006] To prevent constant acceleration and deceleration of the engine to meet the changing load demand, the tur- 
30 bogenerator power control system and method of the present invention incorporates control strategies to vary power 
output based on the utility rate schedule. For example, if the utility rate is based on the peak power consumption over 
a 15-minute period, the system can be programmed to meet the building load over that time period. This time averaged, 
load following setpoint allows the control system to slow or limit the rate of acceleration or deceleration, and reduce the 
starting and stopping of the turbogenerator, thereby increasing the overall efficiency of the system. 
35 [0007] This invention describes the use of a turbogenerator for: (1) load control, where a discrete control signal is 
received by the turbogenerator power controller for the purposes of load management; (2) load following, where the 
total power consumption in a building or application is measured by a bi-directional power meter, and the turbogenera- 
tor system equalizes or meets the demand; (3) peak shaving, where the total power consumption in a building or appli- 
cation is measured by a power meter, and the turbogenerator system reduces the utility consumption to a fixed load, 
40 thereby reducing the utility rate schedule and increasing the overall economic return of the turbogenerator; (4) regulat- 
ing both the building or load's real power and reactive power to reduce the total power consumption; and (5) utilizing a 
microprocessor based digital power meter for monitoring long tenn load profiles for scheduled operation of the turbo- 
generator system. 

^5 BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Having thus described the present invention in general terms, reference will now be made to the accompa- 
nying drawings in which: 

so Figure 1 is a perspective view, partially cut away, of a turbogenerator for use in the power control system and 
method of the present invention; 

Rgure 2 is a detailed block diagram of a power controller for use in the power control system and method of the 
present invention; 

Figure 3 is a detailed block diagram of the power converter in the power controller illustrated in Figure 2; 
55 Figure 4 is a block diagram of the block peak shaving mode of operation; 

Figure 5 is a block diagram of the multiple unit peak shaving mode of operation; 
Figure 6 is a block diagram of the load following mode of operation; 

Figure 7 is a block diagram of the load following mode of operation including a serial communication to a micro- 
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processor based digital power meter; 

Figure 8 is a block diagram of the control operation tor the load following mode of operation; 
Figure 9 is the meter arrangement for the peak shaving and the load following modes of operation; 
Figure 10 is the meter arrangement for load dispatch control mode of operation; 
5 Figure 11 is a block diagram of a total energy management system for use in the power control system and method 

of the present invention; 

Figure 12 is an example load profile of utility consumption, turbogenerator production vs. building power consump- 
tion for the peak shaving mode of operation; 

Figure 13 is an example load profile of turbogenerator production vs. building power consumption for the load fol- 
10 lowing mode of operation; and 

Figure 14 is an example load profile of turbogenerator production vs. building power consumption for the load dis- 
patch control mode of operation. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[0009] A permanent magnet turbogenerator/motor 10 is illustrated in Figure 1 as an example of a turbogenera- 
tor/motor for use with the power control system of the present invention. The permanent magnet turbogenerator/motor 
"10 generally comprises a permanent magnet generator 12, a power head 13, a combustor 14 and a recuperator (or 
heat exchanger) 16. 

20 [001 0] The permanent magnet generator 1 2 includes a permanent magnet rotor or sleeve 1 6, having a permanent 
magnet disposed therein, rotatably supported within a permanent magnet motor stator 18 by a pair of spaced journal 
bearings. Radial stator cooling fins 25 are enclosed in an outer cylindrical sleeve 27 to form an annular airflow passage 
which cools the stator 18 and thereby preheats the air passing through on its way to the power head 13. 
[001 1 1 The power head 1 3 of the permanent magnet turbogenerator/motor 1 0 includes compressor 30. turbine 31 , 

25 and bearing rotor 36 through which the tie rod 29 passes. The compressor 30, having compressor impeller or wheel 32 
which receives preheated air from the annular air flow passage in cylindrical sleeve 27 around the permanent magnet 
motor stator 1 8, is driven by the turbine 31 having turbine wheel 33 which receives heated exhaust gases from the com- 
bustor 1 4 supplied with air from recuperator 1 5. The compressor wheel 32 and turbine wheel 33 are rotatably supported 
by bearing shaft or rotor 36 having radially extending bearing rotor thrust disk 37. 

30 [0012] The bearing rotor 36 is rotatably supported by a single journal bearing within the center bearing housing 
while the bearing rotor thrust disk 37 at the compressor end of the bearing rotor 36 is rotatably supported by a bilateral 
thrust bearing. The bearing rotor thrust disk 37 is adjacent to the thrust face of the compressor end of the center bearing 
housing while a bearing thrust plate is disposed on the opposite side of the bearing rotor thrust disk 37 relative to the 
center housing thrust face. 

35 [0013] Intake air is drawn through the permanent magnet generator 12 by the compressor 30 which increases the 
pressure of the air and forces it into the recuperator 15. In the recuperator 15, exhaust heat from the turbine 31 is used 
to preheat the air before it enters the combustor 14 where the preheated air is mixed with fuel and burned. The com- 
bustion gases are then expanded in the turbine 31 which drives the compressor 30 and the permanent magnet rotorie 
of the permanent magnet generator 1 2 which is mounted on the same shaft as the turbine wheel 33. The expanded tur- 

40 bine exhaust gases are then passes through the recuperator 16 before being discharged from the turbogenerator/motor 
10. 

[0014] The system has a steady-state turbine exhaust temperature limit, and the turbogenerator operates at this 
limit at most speed conditions to maximize system efficiency. This turbine exhaust temperature limit is decreased at low 
ambient temperatures to prevent engine surge. 

45 [001 5] Refen-ing to Figure 2. the power controller 40, which may be digital, provides a distributed generation power 
networking system in which bi-directional (i.e. reconfigurable) power converters are used with a common DC bus 54 for 
permitting compatibility between one or more energy components. Each power converter operates essentially as a cus- 
tomized bi-directional switching converter configured, under the control of power controller 40, to provide an interface 
for a specific energy component to DC bus 54. Power controller 40 controls the way in which each energy component, 

50 at any moment, with sink or source power, and the manner in which DC bus 54 is regulated. In this way, various energy 
components can be used to supply, store and/or use power in an efficient manner. 

[001 6] The energy components, as shown in Figure 2, include an energy source 42 such as the turbogenerator 1 0. 
utility/load 48, and storage device 50 such as a battery. A detailed block diagram of power converter 44 in the power 
controller 40 of Figure 2 is illustrated in Figure 3. The energy source 42 is connected to DC bus 54 via power converter 
55 44. Energy source 42 may produce AC which is applied to power converter 44. DC bus 54 connects power converter 
44 to utility/load 48 and additional energy components 66. Power converter 44 includes input filter 56, power switching 
system 58, output filter 64, signal processor 60 and main CPU 62. 

[0017] In operation, energy source 42 applies AC to input filter 56 in power converter 44. The filtered AC is then 
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applied to power switching system 58 which may conveniently be a series of insulated gate bipolar transistor (IGBT) 
switches operating under the control of signal processor 60 which is controlled by main CPU 62. The output of the 
power switching system 58 is applied to output filter 64 which then applies the filtered DC to DC bus 54. 
[0018] Each power converter 44, 46, and 52 operates essentially as a customized, bi-directional switching con- 

5 verter under the control of main CPU 62, which uses signal processor 60 to perform its operations. Main CPU 62 pro- 
vides both local control and sufficient intelligence to form a distributed processing system. Each power converter 44, 
46, and 52 is tailored to provide an interface for a specific energy component to DC bus 54. Main CPU 62 controls the 
way in which each energy component 42, 48, and 50 sinks or sources power and DC bus 54 is regulated at any time. 
In particular, main CPU 62 reconfigures the power conveners 44. 46, and 52 into different configurations for different 

10 modes of operation. In this way. various energy components 42, 48, and 50 can be used to supply, store and/or use 
power in an efficient manner. 

[001 9] In the case of a turbogenerator 1 0 as the energy source 42, a conventional system regulates turbine speed 
to control the output or bus voltage. In the power controller 40, the bi-directional controller functions independently of 
turbine speed to regulate the bus voltage. 

15 [0020] Figure 2 generally illustrates the system topography with the DC bus 54 at the center of a star pattern net- 
work. In general, energy source 42 provides power to DC bus via power converter 44 during normal power generation 
mode. Similarly, during power generation, power converter 46 converts the power on DC bus 54 to the form required by 
utility/load 48. During utility start up, power converters 44 and 46 are controlled by the main processor to operate in dif- 
ferent manners. For example, if energy is needed to start the turbogenerator 10. this energy may come from load 

20 /utility48 (utility start) or from energy source 50 (battery start). During a utility start up. power converter 46 is required 
to apply power from load 48 to DC bus for conversion by power converter 44 into the power required by the turbogen- 
erator 1 0 to start up. During utility start, the turbogenerator 1 0 is controlled in a local feedback loop to maintain the tur- 
bine revolutions per minute (RPM). Energy storage or battery 50 is disconnected from DC bus while load/utility grid 
regulates Vqc on DC bus 24. 

25 [0021] Similarly, in a battery start, the power applied to DC bus 54 from which turbogenerator 10 may be started, 
may be provided by energy storage 50. Energy storage 50 has its own power conversion circuit in power converter 52! 
which limits the surge current into the DC bus 54 capacitors, and allows enough power to flow to DC bus 54 to start 
turbogenerator 1 0. In particular, power converter 56 isolates the DC bus 54 so that power converter 44 can provide the 
required starting power from DC bus 54 to turbogenerator 1 0. 

30 [0022] A more detailed description of the power controller can be found in United States Patent Application No. 
207.81 7. filed December 8, 1998 by Mark G. Gilbreth et al, entitled "Power Controller", assigned to the same assignee 
as this application and hereby incorporated by reference. 

[0023] There are two levels of complexity relating to load management in a building with a turbogenerator: (1 ) load 
dispatch control, where the turbogenerator is either (a) shutdown or (b) operating at maximum power; and (2) load fol- 
35 lowing or peak shaving, where the turbogenerator is continuously varying the power output to maintain a constant utility 
power output. 

[0024] In the case of (1) load dispatch control, the utility power meter is programmed to send a discrete signal to 
the turbogenerator when a specific building load demand is exceeded. This same signal is sent to a single tuflDogen- 
erator or multiple turbogenerators. In this simple control strategy, the discrete signal commands the turbogenerator(s) 
40 to maximum power if on, and commands the turbogenerator to shut down when commanded off. assuring the turtaogen- 
erators always operate at peak efficiency. 

[0025] In most installations, an agreement between the utility and the consumer specifies that the turbogenerator 
shall not back feed or provide power to the grid at any time. Thus, a reverse power detection signal from the power 
meter is required to prevent reverse flow to the utility. 
45 [0026] Figure 4 is a block diagram of the block peak shaving mode of operatton. The utility power meter 70 dis- 
patches a discrete signal 71 and a reverse power discrete signal 73 to both power controllers/turbogenerators 72 and 

[0027] Variable peak shaving operation is illustrated in the block diagram of Figure 5. In the variable peak shaving 
mode of operation, the utility power meter 70 dispatches independent discrete signals 76 and 77 plus independent 
50 reverse power discrete signals 78 and 79 to power controllers/turbogenerators 72 and 74 respectively. Variable peak 
shaving operation provides a discrete level of multiple power controllerAurbogenerator power output and enables vary- 
ing power setpoints to be sent to individual turbogenerators, thus providing step loading. In the peak shaving mode of 
operation, the utility power meter 70 provides a load management signal. 

[0028] In both Figures 4 and 5, the number of power controllers/turbogenerators is illustrated for purposes of exam- 
55 pie only as two (2), namely 72 and 74. It should be recognized that the present invention is equally applicable to any 
number of power controllersAurbogenerators from one or more. The same is also true with respect to the load following 
modes of operation illustrated in Figures 8-10. 

[0029] Hgure 6 illustrates a block diagram of the load following mode of operation with a utility power meter 86 sup- 
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plying pulse signal inputs tor real power positive direction 82 and negative direction 83 to power controllerAurbogenera- 
tor 80. In addition, positive reactive power signal 84 and negative reactive power signal 85 are also provided to power 
controller/turbogenerator 80. This provides the load following capability plus reactive power control. In the event a neg- 
ative power pulse is detected by the controller, the turbogenerator immediately shuts down, providing reverse power 

protection. 

[0030] The load following mode of operation is illustrated in block diagram format in Figure 7 with a serial commu- 
nication input for power controllersAurbogenerators. For this configuration, the utility power meter 86 provides a digital 
serial communication 87 to a power controllerAurbogenerator 88 which serves as a master power controller/turtDogen- 
erator. which processes the serial input 87 from the power meter 86, and commands slave power controllersAurbogen- 
erators 89 and 90 to sequence and regulate power through intra bus digital communication. The serial communication 
measures both real and reactive power, but provides storage capability for measuring accumulated power while the 
power controller is off. 

[0031] In Figure 8. a block diagram of the control system operation for load following operation is illustrated. A utility 
demand signal 91 is compared wrth the real power feedback signal 92 from power meter 93 in a comparator 94. The 
compared demand signal 95 is time averaged in sample averager 96 which provides a time averaged signal 97 to a min- 
imum power limit and dispatch hysterisis band control 98. The control 98 provides a real power demand signal 99 and 
a reactive power demand signal 100 to the power controller/turbogenerator 101. The power 102 from the power con- 
troller/turbogenerator 1 01 is compared to the building load 1 03 in comparator 1 04 which provides a signal 1 05 to power 
meter 93. As previously indicated, real power signal from the power meter 93 is fed back to comparator. 
[0032] The reactive power signal 1 06 from power meter 93 is fed back to comparator 1 07 where it is compared to 
the utility load reactive demand 1 08. The compared reactive power signal 1 09 is time averaged in sample averager 110 
with the time averaged reactive power signal 1 1 1 provided to minimum power limit and dispatch hysterisis band control 
98. 

[0033] A Utility power setpoint allows the user to specify a utility power draw at which to regulate the system when 
load following mode is selected. Both a positive and negative adjustment allows tor a constant utility power consumption 
or production. Turbine power demand is calculated using the equation below. In load following mode, the system is ena- 
bled when turbine power demand exceeds minimum power shutoff limit. 

Turbine Power Demand = Utility Power Setpoint - Utility Power Measured (Eq. 1) 



30 



[0034] To improve the turbogenerator performance and limit response to building load transients, the input power 
demand from the utility power rrieter is time averaged and adjustable by the customer. This feature does not apply to 

the reverse power protection feature previously described. 

[0035] For both peak shaving and load following modes of operation, the meter 1 1 0 is arranged as shown in Figure 

35 9. The meter 110 receives a utilfty power signal 112 and provides a communication signal 120 to the controllerAurbo- 
generator 1 1 3 which provides turbogenerator production 1 1 1 to the building load 114. In the load dispatch control mode 
of operation, illustrated in Figure 10, the meter 110 measures the difference between turbogenerator production 111 
from the controllerAurbogenerator 1 1 3 and the utility power demand 1 12 for the building load 1 14 and directs a commu- 
nication signal 120 to the turbogenerator 113. 

40 [0036] Figure 11 illustrates a total energy management system, including load following, peak shaving, and relay 
output control for controlling a plurality of loads in a building in conjunction with the power controllerAurbogenerator 1 1 3, 
The meter 1 1 0 receives a utility power signal 1 1 2 and provides a communication signal 120 to the controllerAurbogen- 
erator 1 1 3 which provides turbogenerator production 1 1 1 to the building load 1 1 4. The building load 1 1 4 consists of a 
number of individual loads each having a load control relay 1 30, 131 , and 1 32, respectively Each load control relay 1 30, 

45 131, and 132 provides an output 140. 141, and 142, respectively, to the controllerAurbogenerator 113. 

[0037] Since the individual output relays can be utilized to control any external load, such as HVAC. fans, motors, 
pumps and the like, this control capability, in conjunction with turbogenerator peak shaving and load following control 
modes, provides a total energy management solution in a single integrated package. The relay control can also be pro- 
grammed by the controller to turn on and off individual loads based on a time of day or a day of week schedule 

50 [0038] Figures 12. 13. and 1 4 illustrate a load profile of turbogenerator production and building power consumption 
for the peak shaving, the load following, and the load dispatch modes of operation, respectively. In the peak shaving 
control mode, the turbogenerator output power is regulated to provide a constant utility power contribution as shown in 
Figure 12. 

[0039] Load following is a control mode in which the turbogenerator supplies the entire load (up to the load power 
55 generation capability of the turt)ogenerator) and maintains the utility contribution at zero as shown in Figure 1 3. 

[0040] For both load following and peak shaving applications, illustrated in Figure 1 4, the load is constantly chang- 
ing, thereby requiring the turbogenerator to start, stop and regulate power. For example, an air conditioning unit, which 
can start and stop several times per hour, can be the single largest consumer of electricity in a building, resulting in start 
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and shutdown cycles for the turbogenerator. 

[0041] In the utility base load control mode (or peak shaving mode), the control system regulates the turbogenera- 
tor output to maintain a constant base load from the utility grid. The operator enters the utility base load setpoint, and 
the power controller regulates the turbogenerator so that the grid provides a constant amount of power regardless of 
the variations in load. 

[0042] Reverse power flow protection logic immediately shuts the turbogenerator down to prevent back flow on the 
utility grid based on a user defined setpoint. The control logic includes dispatch logic based on a minimum operating 
setpoint of the turbogenerator to prevent repetitive starting and stopping of the turbogenerator. 
[0043] The control system can regulate both the building or load's real power and reactive power. The power con- 
troller can adjust the reactive power output from the turbogenerator to nullify the total current supplied from the utility 
For most applications, the reactive power is regulated to zero by the power controller. This feature can be activated or 
deactivated by the user. 

[0044] The control system operates in combination with a utility grade meter. Commercially available power metere 
provide: (1) discrete signals for activating/deactivating loads (or in the case of a power generation system, activat- 
15 ing/deactivating power); (2) pulse signals for monitoring and load management; and (3) digital serial communication for 
advanced monitoring capability. The meters are capable of providing multiple discrete signals for load management in 
a building. These signals can be used to dispatch one or more turbogenerators when the load in a building exceeds a 
particular setpoint or monitory rate schedule. 

[0045] In addition to the benefits of peak shaving and load following, the digital power meter can be used to analyze 
20 and characterize building loads over an extended period of time, and generate a scheduled load profile based on pre- 
dicted consumption. 

[0046] The control system incorporates a mode setting to select one of three options - "disable", "peak shaving" 
and "load following". Peak shaving mode enables the system and operates at a user defined peak shaving power set- 
point programmed in the turbogenerator controller when RUN/STOP contact is closed (the contact closes when the 
25 peak shaving setpoint programmed In the meter is exceeded). 

[0047] When load following mode is selected, load following is enabled when the building or load power setpoint 
exceeds the utility power setting by more than the minimum power shutoff limit. A reverse power protection feature is 
provided to stop the turbogenerator system when input from the negative signal indicates power is being delivered to 
the utility. This option contains two settings that are adjustable by the user. An "enable* or "disable' setting and an 
adjustable timer specifies the time allowed for reverse flow. This feature operates independent of the mode settinq 
selected. ^ 

[0048] A minimum power user adjustment is available to prevent low power operation (low efficiency) for extended 
periods of time. The turbogenerator system will be shutoff when the power setpoint is less than the adjustable power 
setpoint for an adjustable time period until another start condition is present. This setting applies to load following only. 
A dispatch hysterisis band prevents start and stop cycling when the power demand is at the shutoff limit. 
[0049] The capacity of the power controller to deliver reactive power is dependent on the real power it delivers due 
to the controller current limit. The control system automatically limits the reactive power if the total cun-ent limit is 
reached. Thus, delivering real powertakes precedence over delivering reactive power, based on the following relation- 
ship: 



30 
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' reactive ~ 7' max ' ' real (Eq. 2) 

[0050] Reactive power control does not require turbogenerator power generation. The power controller can adjust 

the utility reactive power through inverter switching without power from the turbogenerator. 
45 [0051] Since the turbogenerator and controller design allows the gas turbine engine to operate at a wide range of 

speeds while maintaining a fixed utility grade AC output, thereby allowing the turbogenerator to operate at or near peak 

efficiency over a wide range of load conditions, the load output of the turbogenerator is regulated to maximize efficiency. 

This provides a discernable advantage over other power generation systenDs that can not operate at peak efficiency 

over such a wide range of power output 
so [0052] While specific embodiments of the invention have been illustrated and described, it is to be understood that 

these are provided by way of example only and that the invention is not to be construed as being limited thereto but only 

by the proper scope of the following claims. 

Claims 

55 

1. A power control system operably associated with an electric utility grid, including a power meter, and a load said 
system comprising: 
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at least one turbogenerator; 

a controller operably associated with said at least one turbogenerator and said utility grid power meter; and 
said controller including means to select between a load control mode of operation, a load following mode of 
operation, and a peak shaving mode of operation. 

2. The power control system of claim 1 wherein said power controller additionally includes means to regulate both the 
real power and the reactive power of said load. 

3. The power control system of claim 1 or 2 wherein said power controller additionally includes means to monitor long 
term load profiles for scheduled operation of said at least one turbogenerator. 

4. A power control system operably associated with an electric utility grid and a load, said system comprising: 

a power meter operably associated with said electric utility grid; 

a plurality of turbogenerators operably associated with said electric utility grid, said power meter, and said load, 
each of said plurality of turbogenerators including a controller; and 

said power meter being arranged to provide a power dispatch discrete signal and a reverse power discrete sig- 
nal to each of said plurality of turbogenerator controllers. 

5. The power control system of claim 4 wherein said power meter is arranged to provide a separate power dispatch 
discrete signal and a separate reverse power discrete signal to each of said plurality of turbogenerator controllers. 

6. A power control system operably associated with an electric utility grid and a load, said system comprising: 

a power meter operably associated with said electric utility grid; 

at least one turbogenerator operably associated with said electric utility grid, said power meter, and said load, 
each of said at least one turbogenerator including a controller; and 

said power meter being arranged to provide a plurality of analog pulse input signals to each of said at least one 
turbogenerator controller. 

7. The power control system of claim 6 wherein said plurality of analog pulse input signals include a real power posi- 
tive direction signal, a real power negative direction signal, a positive reactive power signal, and a negative reactive 
power signal. 

8. The power control system of claim 6 wherein said power meter is arranged to provide a real power feedback signal 
and a reactive power feedback signal. 

9. The power control system of claim 8 and in addition, a first comparator to compare said real power feedback signal 
with a utility load real demand signal, and a second comparator to compare said reactive power feedback signal 
with a utility load reactive demand signal. 

10. The power control system of claim 9 and in addition, means operably associated with said first comparator to time 
average said compared signal from said first comparator, and means operably associated with said second com- 
parator to time average said compared signal from said second comparator. 

11. The power control system of claim 6 wherein said power meter is arranged to prevent reverse power flow. 

12. The power control system of claim 6 wherein said at least one turbogenerator controller is arranged to measure real 
and reactive power from said power meter and to adjust the reactive power. 

13. The power control system of claim 6 wherein said at least one turbogenerator controller is arranged to measure real 
and reactive power from said power meter and to negate the reactive power. 

14. A power control system operably associated with an electric utility grid and a load, said system comprising: 

a power meter operably associated with said electric utility grid; 
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a plurality of turbogenerators operably associated with said electric utility grid, said power meter, and said load, 
each of said plurality of turbogenerators Including a controller, with one of said plurality of turbogenerators 
established as a nnaster turbogenerator and the remainder of said plurality of turbogenerators established as 
slaves to said master turbogenerator; and 

5 

said power meter being arranged to provide digital serial communication to said master turbogenerator which 
in turn commands said slave turbogenerators. 

15. The power control system of claim 14 wherein said power meter is arranged to measure both real and reactive 
10 power. 

16. The power control system of claim 14 wherein said power meter is arranged to measure accumulated power while 
said master turbogenerator controller is off. 

15 17. The method of controlling power between a utility grid, at least one turbogenerator and a load, comprising the steps 

providing a power meter associated with the utility grid; and selecting between a load control mode of opera- 
tion, a load following mode of operation, and a peak shaving mode of operation. 

20 

18, The method of controlling power between a utility grid, a plurality of turbogenerators and a load, comprising the 
steps of: 



25 



providing a power meter associated with the utility grid; and 

providing a power dispatch discrete signal and a reverse power discrete signal from the power meter to each 
of the plurality of turbogenerators. 

19. The method of controlling power between a utility grid, a plurality of turbogenerators and a load comprisino the 
30 Steps of: ^ ^ 

providing a power meter associated with the utility grid; and 

providing a separate power dispatch discrete signal and a separate reverse power discrete signal from the 
2^ power meter to each of the plurality of turbogenerators. 

20. The method of controlling power between a utility grid, at least one turbogenerator and a load, comprising the steps 

providing a power meter associated with the utility grid; and 

providing a plurality of. analog pulse input signals from the power meter to each of the at least one turboaen- 
erator. ^ 

45 21. The method of controlling power between a utility grid, a plurality of turbogenerators and a load, comprisino the 
steps of: ^ 

providing a power meter associated with the utility grid; 

50 establishing one of the plurality of turbogenerators as a master and the remainder of the plurality of turbogen- 

erators as slaves to the master turbogenerator; and 

providing digital serial communication from the power meter to the master turbogenerator. 
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